There is now overwhelming experim ental evidence that 2,5-cyclohexadien-l-ones (1 ) and 2,4-cyclohexadien-l-ones (2 ) being stronger in the latter case. As a consequence, <3co of 2 might be forced below 190 ppm by extreme substitution patterns [1, 5] . In order to quantify the contribution of a "cyclohexadiene" and a "quinol" halogen to <3co, we looked for further compounds 2 with Y and R6 = Cl, and R2-R^ = H or alkyl. Con sidering only monocyclic compounds, terf-butylated species 2 were particularly attractive, since the tertbutyl groups are expected to stabilize quinol halides in general [9] . Of the six possible di-rm -butylated 6,6-dichloro-2,4-cyclohexadien-l-ones only 2 a has been reported [10] and was chosen for the 13C NMR m easurem ents m entioned above. IR, UV and NMR spectra, however, were not in full agreem ent with the proposed structure but admitted of the paraquinol structure l a as well. This would then be one of the rare cases where the keto tautom er of a monocyclic phenol (3) exists at room tem perature [10] [11] [12] . T herefore, and in order to settle the struc tural problem finally, a crystal structure determ ina tion was perform ed which decided in favour of struc ture l a .
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Experim ental

G eneral m ethods
'H NM R spectra were taken with Varian EM 360 and B ruker WH 90, L,C NMR spectra with Bruker W P 80 and WM 400 spectrom eters, TMS as internal standard. IR spectra were recorded on a PerkinElm er 281 spectrom eter. Mass spectra were taken with the MAT-711 spectrom eter (inlet tem perature ca. 200 °C, ionisation energy 70 eV). UV spectra were run on a Beckman Acta M VII spectrometer. Melting points were obtained by using a Tottoli ap paratus and are reported uncorrected for substances which were pure with respect to TLC.
2. 3,5-D i-tert-butyl-2,4-dichloro-2,5-cyclohexadien-1-one ( la ) 3,5-Di-rerr-butylphenol (1.15 g, 5.6 mmol) and 1 -chlorobenzotriazole [13] (1.88 g, 12.2 mmol) were dissolved in dichlorom ethane (40 ml) and stirred at room tem perature until the triazole was no more de tectable by TLC (7 h ). Afterwards, the solution was evaporated and the residue purified by column chro m atography [silica gel MN 60, petroleum ether (b.p. 6 0 -9 0 °C)/CH 2C12 (1:1 v:v)] to give 1.0 g (65%) of faint yellow l a . A fter crystallization from petroleum ether (b.p. 6 0 -9 0 °C), colourless crystals were ob tained, m .p. 89-90 °C (lit. [10] (5 ml) and N aO H (0.1 g) and stirred at room tem perature for 1 h. Afterwards, the mixture was acidified with citric acid (5% aqueous solution) and extracted with ether ( 1 0 ml) to give 140 mg (70% ) of crude 3, which was purified by pre parative TLC [petroleum ether (b.p. 60-90 °C) / C H 2C12 1:1 (v:v)]. M .p. 6 4 -6 5 °C (lit. [10] : m.p. 6 4 -6 6 °C) . 'H NM R (CDC13): 1.43 (s, 9H , r-Bu), 1.70 (s, 9 H , 5.86 (s, 1H , O H ), 7.04 (s, 1H, H -6 ).
Crystal structure determination
A yellow crystal having approximate dimensions of 0 .20x0.25x0.25 mm was mounted on a glass fiber. Preliminary examination and data collection were perform ed with M oK a radiation (graphite Table I ) were ob tained from least-squares refinem ent, using the set ting angles of 25 reflections. The data were collected to a maximum 2 $ of 44° with co/tf scan. 3702 reflec tions were collected, of which 3466 were unique, 2176 with I > 3 -a ( I ) for the refinem ents (Lorentz and po larization corrections, secondary extinction correction [14] ). For the calculations the centrosymmetric space group P i was chosen, later confirmed by successful refinem ent. The structure was solved by direct m ethods [15] . Hydrogen positions were calculated and added to the structure factor calculations. All Cl, O and C atomic positions were refined with aniso tropic therm al param eters. The final cycle of refine m ent [16] included 308 variable param eters and con verged to R = 0.094 and R w = 0.10. Positional and therm al param eters are given in Table II *. The cal culations were perform ed on a VAX 11/750 (Zen trum für D atenverarbeitung der Universität Tübingen).
Results and Discussion
G eneral
The product obtained on chlorination of 3,5-direrr-butylphenol with 1 -chlorobenzotriazole was identical in every respect (m .p., IR, UV, 'H NMR, MS) to that reported by Hewitt et al. [10] . Minor Table II According to the general rules for the discrimina tion of ortho-and /?ara-quinolide structures [2, 17] , UV (Amax = 257 nm, log e = 4.07) and IR spectra [vco = 1665 (Nujol) , 1657 (KBr)] would be better compatible with thepora-quinolide structure l a . For structure 2a (and 2b) the strongest UV absorption is expected at ca. 320-330 nm with a smaller extinc tion (log £ = 3.1-3.6). The shoulder actually found at 304 nm, therefore, should be ascribed to the n -> 7 1 * transition of the carbonyl group. In the infrared, 2 a/2 b as o-cyclohexadienones should absorb at about 1680-1690 cm -1 instead of at 1660 cm-1; also is the doublet structure of this absorption (1657/1637 cm-1) m ore typical of the p a ra-quinol system. The signal at 6.34 ppm in the 'H NMR spectrum is close to the absorption of H -6 (6.36 ppm) of lb
, it would, however, also be reasonable for H-2 or H-4 in 2a or for H-4 in 2b. The second absorption at 5.25 ppm corresponding to one aliphatic H-atom rules out 2a, but not 2b. The carbonyl absorption at 179.92 ppm in the 13C NM R spectrum appears at too high a field to be taken as proof for the orthoquinolide system, however, since we intended to de rive a connection between d Co and the structure in term s of num ber and position of halogen atoms, this criterion cannot be used here. The signal of a tertiary carbon atom , found at 52.08 ppm, again rules out structure 2a, but does not allow a distinction be tween l a and 2b.
We therefore decided to determine the crystal structure. W hereas keto tautom ers of polycyclic phenols (e.g. anthrone) are well-known, only few ex amples of such compounds have been reported for monocyclic phenols (vide supra). To the best of our knowledge, no crystal structure determ ination has been undertaken so far [18, 19] . 
Crystal structure analysis
The analysis finally proved the para-quinol struc ture la . A perspective view of la with the atomlabelling scheme is shown in Fig. 1 . Two molecules of la (denoted as A and B) are present in the asym m etric unit. Bond lengths and angles (Table III) do not reveal rem arkably unusual features. The ring conform ation, however, deserves more notice. The carbon atoms 2, 3, 5 and 6 are situated in the same plane. As a consequence, the ring assumes a boat like shape with C l and C4 forming bow and stern. The boat is very flat, as can be seen from the small deviations of those two atoms from the reference plane {C2, C 3, C 5, C 6 }, which are -7(1) and -17(1) pm, respectively (see Table IV ).
The same facts are more obviously expressed in term s of angles: The angles between our reference plane {C2, C 3, C 5, C 6 } and the planes { C l, C2, C 6 } and {C3. C 4, C5} are 174.5 and 167.4°, respec- (7) 24 ( (4) 57 tively. On the other hand, the bond C 4 -C12 forms an angle of 153° with the plane {C3, C 4, C5}, C12 being in the "flagpole" position with a deviation from the reference plane of -184 pm. W hereas C ll and C l l are nearly in the reference plane, the quaternary terf-butyl carbon atom C7 deviates by +24 pm, along with a small widening of the angle C ll -C 2 -C3 (124°). Thus, the nonbonded interactions between the two chlorine atoms and both tert-butyl groups (especially that in 3-position) clearly determ ine the conform ation of l a . The resulting geometry allows an optim um of free steric play, as can also be seen using space-m odels. As a consequence, H 4 takes a sort of "equatorial" position with a deviation of +57 pm from the reference plane. It is thus "buried" in a cavity form ed by Cl 2 and the methyl groups of C 8 , CIO, C 13, C 14, what is also impressively de m onstrated by space-filling models.
A spects o f keto-enol rearrangement U nfortunately, our crystal structure determ ination does not provide the C 4 -H 4 bond length, which should reflect the acidity of the keto tautom er la . A ccording to Tee et al. [12 b ] pKn values of such halogenated keto tautom ers can am ount up to -1 : they are strong acids as compared to the correspond ing halophenols [pK" ~ 10] . Two observations are in agreem ent with this fact:
(1) The interm olecular distance between C4 and the carbonyl oxygen of the neighboured molecule is 338 pm, the angle C 4 -H 4 ---0 204' is 154° with d (H 4---C 204') = 244 pm. This points to the exist ence of an interm olecular hydrogen bridge between C4 and 0 = C , at least in the crystalline state, which is an indirect proof of the strong acidity of the sp '-s C -H bond.
(2) The observed enolization of la to the phenol 3 occurs under mild conditions. H itherto, assuming structure 2a instead of l a for the keto form, a more complicated rearrangem ent involving ortho -* para migration of a chlorine atom was inevitable to ex plain the form ation of 3 [10] . Such a reaction, al though possible (vide infra), is however unlikely under the experim ental conditions used (R .T ., 1 h). In aprotic solvents, l a is rem arkably stable, pointing to a high barrier of activation for the enolization into 3. This surely reflects the steric situation of H 4 dis cussed above.
M echanistic aspects
The form ation of l a during chlorination of 3,5-dite/t-butylphenol certainly proceeds via several steps. It is reasonable to assume that a monochlorophenol is first form ed. Two possibilities exist, i.e. 3,5-di-tertbutyl-2 -chlorophenol, as the more stable tautom er of [10] , and in agreem ent with the fact that ortho-quinol halides bearing sub stituents R at the ortho-quinol center (R^H ) can be obtained by direct halogenation of the corresponding phenols [20] , The orr/zo-quinolide 2a would then have only to rearrange to the pöra-quinolide la : ortho-and p a ra -quinol halides in general are prone to interconnect thermally, photolytically, or catalytically (acid) in solution [2 , 1 1 c, 2 1 ] or even in the solid state [22] . A lternatively, chlorination of 3,5-di-tertbutyl-2-chlorophenol in the 4-position would directly lead to l a .
On the other hand, transient 4-bromo-2,5-cyclohexadien-l-ones of type 1 have recently been ob served during the aqueous brom ination of phenol and several m ethylated derivatives {e.g. 3,5-dim ethylphenol) , and the kinetics of their enolization to the corresponding 4-brom ophenols investigated [12b], All other keto tautom ers of monocyclic phenols, described so far [1 1 , 1 2 ], are also of the /?öra-quinol type 1 , although a primary attack of the chlorinating species in orf/jo-position of the hydroxy group cannot be precluded. T herefore, l a could also result from a further chlorination of 3.5-di-fm-butyl-4-chlorophenol via Id [1: R 2 = R6 = H , R 3= R '= f-B u , R 4= Y = C1] or 2d [2: R2= R 6 = H , R3= R 5 =f-Bu, R4=Y=C1] and subsequent rearrangem ents. A l though the first m entioned reaction path seems to be more reasonable, it is not possible to derive the structure of the halogenation products from such mechanistic plausibility criterions. As a conse quence. the structure of the chlorination product of the phenol 3 should also be revisited; instead of 2e [2: R2= H , R 3 = R 5 =r-B u, R4= R 6= Y = C1] [10] struc ture 2 f [2: R : = R 4 = Y =C 1, R3= R ?=f-B u, R(1= H ] is equally well com patible with the spectroscopic data given in lit. [10] . The structure of the trichloro-derivative obtained on chlorination of 3,5-di-rm -butylphenol in the solid state has been shown to be l e [1: R 2= R 4 =Y =C 1, R3= R ?=f-B u, R 6= H ] [23] ,
Conclusion
Dichlorination of 3,5-di-/m -butylphenol with 1-chlorobenzotriazole leads to 3,5-di-terr-butyl-2,4-dichloro-2,5-cyclohexadien-l-one ( l a ) , the keto tautom er of 3,5-di-fm-butyl-2.4-dichlorophenol (3) . which proved to be remarkably stable in aprotic sol vents. The crystal structure determination of l a , the first one of a monocyclic keto tautom er, reveals no unusual features as regards bond lengths and bond angles. The conformation reflects the steric interac tions between both chlorine atoms and the tert-butyl groups and leads to a strong enveloping of H 4 at the quinol center C4. The acidity of the C 4 -H 4 bond can be shown indirectly by the existence of a (weak) interm olecular hydrogen bridge between C4 and O 1 of two molecules of l a in the crystal, and by the base-catalyzed enolization under mild condi tions. Since the ortho-quinol structure 2 a , originally assumed by Hewitt et al. [ 10] . proved to be incorrect, the relative high-field absorption (179.92 ppm) of the carbonyl carbon (C l) of the compound in ques tion is no longer an exception from the general rule according to which o/t/fo-quinolide systems show (3c o > 190 ppm [2 ] .
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